The membrane asphalt was applied at rates ranging from 1 to 4 gallons per square yard. Due to the uneven surface of the ground, the thickness of the membrane varied from place to place, but the average thickness was about one-half inch.
After the asphaltic membrane was applied, it was painted with asphalt-based aluminum paint to retard photochemical damage. No other protective covering was placed on the catchment surface during the test.
The total cost of preparing the catchment area was $5,000, or about 30 cents per square foot.
WATER SUPPLY, ASPHALT-LINED CATCHMENT, HAWAII P7 FIGURE 5. Construction of catchment. A, After clearing and before compaction.
B, spraying asphaltic membrane on catchment.
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PROBLEMS ENCOUNTERED
During construction, frequent rains soaked the soil and caused delays because it was necessary after each rain to let the soil dry before it could be smoothed and compacted properly. Cattle walking across the catchment area caused extensive damage to the asphaltic membrane before the problem was recognized and the area was enclosed by fencing. Numerous punctures in the membrane had to be repaired with heated asphalt. A third problem was caused by inadequate or incomplete sterilization of the soil beneath the membrane. The result was some vegetation grew and became vigorous enough in a few months to penetrate the membrane in a few places. In time, more and more vegetation penetrated the membrane, and at the end of the 3-year period an extensive part of the catchment area was affected. However, no attempt was made to eliminate the vegetation because one of the objectives of the study was to see how the efficiency of the catchment area changed under minimum maintenance.
INSTRUMENTATION
A gaging station was established at the downstream end of the catchment area to measure the runoff. The control for this station was a combination of a 22° sharp-crested weir and a 2-foot rectangular weir ( fig. 6 ). A 1:1 scale model of the control was tested in the laboratory. From this test a rating curve for the combined control was developed for heads below 1.5 feet.
A Stevens continuous recorder was used to measure the head on the control, which rarely exceeded the capacity of the 22° sharp-crested weir. The runoff figures, therefore, are considered good.
Rainfall on the catchment area was measured by two nonrecording (Weather Bureau-type 8-inch) gages, and one recording (tippingbucket) gage. The nonrecording gages were placed on the perimeter of the catchment, one at the upper end and the other near the middle. The recording rain gage was located at the weir. These gages were read at intervals of about 6 weeks, and the average of the readings from the three gages was assumed to be the total rainfall on the catchment area over the period. The total was adjusted by appropriate ratios, determined from the daily record from the tipping-bucket gage, to show the daily rainfall on the catchment.
The tipping-bucket rain gage recorded the rainfall in 0.05-inch increments which was not sufficiently small to record some light rains. Thus, runoff at times was recorded when apparently no rain fell, and at other times precipitation appeared to be greater than indicated by runoff. A float-or weighing-type rain gage might have more accurately recorded these light rains.
WATER SUPPLY, ASPHALT-LINED CATCHMENT, HAWAII P9 FIGURE 6. Measuring weir.
BAINFALL
A detailed study made by Taliaferro (1958) shows that in the Kona district rainfall increases with altitude at a fairly uniform rate up to an altitude of about 2,500 feet. Above 2,500 feet, however, rainfall decreases as altitude increases ( fig. 7) . Figure 7 indicates that the rainfall at the Waiaha catchment area, which is at an altitude of 2,040 feet, should average about 100 inches a year. However, rainfall records collected at the catchment show that for each of the calendar years 1959, 1960, and 1961 , the rainfall was less than 100 inches. The total rainfall for calendar year 1959 was 78.9 inches; for 1960, 70.5 inches; and for 1961, 88.4 inches (table 1). The average for the 3 years was 79.2 inches.
The figures of rainfall indicate that the test was conducted during a period of less than average rainfall. This conclusion was verified by comparing rainfall at the catchment with that at a nearby rain gage which has a long period of record. The nearest long-term rain gage is about 1 mile east of the catchment area and at an altitude of 3,100 feet. The 30-year mean annual rainfall at this gage is 85.4 inches. However, for the 3 calendar years 1959, 1960, and 1961 , the yearly rainfall was 61.1, 52.0, and 82.8 inches, respectively. The average for the 3 years was 65.3 inches. Included in following measurement.
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From the ratio of the 3-year (1959-61) average at the catchment site to that at the long-term rain gage site, it is estimated that the long-term mean annual rainfall at the catchment would be about 104 inches (^^ X 85.4 ). Thus the rainfall and the resultant runoff from the catchment area were less than would be expected in an average year.
Data on monthly rainfall and runoff are shown graphically on figure 8. Figure 8 shows that except for January 1959, rainfall during the cooler months of the year (December, January, and February) is less than that of the warmer months (May-September). The January 1959 rainfall was unusually high owing to an intense rainstorm which produced more than 12 inches of rain on January 18. A rainfallduration curve (showing the greatest amount of precipitation for different time periods) for this storm is shown in figure 9 . Although this storm appeared to be unusual, much greater intensities have been experienced in Hawaii. These facts suggest a knowledge of the rainfall intensity is needed in the design of conduits to carry catchment water to storage tanks.
RESULTS OF STUDY WATER YIELD FROM CATCHMENT
In the 3-year period, 1959-61, the rainfall on the catchment area amounted to 2,500,000 gallons. The runoff was 2,090,000 gallons, or 84 percent of the rainfall, which is equivalent to 42 gallons of water per square foot of catchment surface.
The efficiency (ratio of runoff to rainfall) of the catchment decreased with time. It dropped from 0.93 in 1959, to 0.82 in 1960, and to 0.78 in 1961 ( fig. 10 ). The decrease was probably due to leakage through the cracks that formed as the asphaltic membrane deteriorated with age, to interception of light rains by the vegetation which penetrated the asphaltic membrane, and to depressions that intercepted part of the flow ( figs. 11-14) . Some of the loss in efficiency could have been prevented by additional maintenance. In 1960, there was no flow at the Waiaha Stream gaging station for the months of January, February, July, and December (table 2), but there was runoff from the catchment area during each of these months (table 3 and fig. 8 ). In general it was observed that little or no runoff occurred at the Waiaha Stream gaging station when precipitation recorded at the catchment area was less than 3 inches per month (tables 1 and 2) . However, the data indicate that the amount of runoff at the Waiaha Stream gage was dependent not only on the amount and rate of rainfall but also on the degree of saturation of the drainage area prior to the rainfall. 
COST OF WATER DEVELOPED
The cost of water developed by the Waiaha catchment area, excluding distribution and storage, is about $1.30 per thousand gallons. This estimate is based on the initial cost of catchment construction, a small maintenance charge, and the assumption that the catchment area will last for 6 years and have no salvage value thereafter. The cost of water would be lower substantially if (1) a larger catchment were utilized so as to reduce the unit cost of the catchment area, and (2) the asphaltic membrane were resprayed periodically so as to maintain the efficiency and extend the life of the catchment covering. The average cost would also be somewhat less during a period of normal rainfall because additional water would be developed at no increase in cost.
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SUMMARY
In areas where there are 110 perennial streams or where groundwater supplies are expensive to develop, the use of water-proofed catchments may offer one solution to the problem of obtaining a water supply.
In a 3-year (1959-61) test of an asphalt-lined catchment area near Holualoa in the North Kona District, it was found that the rainfall on the catchment averaged 79.2 inches a year. The runoff averaged about. 2,000 gallons a day or 42 gallons a year per square foot of catchment surface. From the mass curve of runoff from the catchment, it was determined that to obtain a steady supply of 2,000 gallons a day of the water developed, carry-over storage equivalent to a 120-day supply is needed.
Efficiency (ratio of runoff to rainfall) of the asphalt-lined catchment, under minimum maintenance conditions, decreased rapidly with time. It decreased from 93 percent in 1959 to 82 percent in 1960 and to 78 percent in 1961. The average for the 3-year period was 84 percent. The decrease in efficiency wTas due to (1) seepage loss through the cracks in the asphaltic membrane wThich formed as the membrane deteriorated with age, (2) interception of light rains by the vegetation which penetrated the membrane, and (3) interception by depressions in the catchment surface that lost water between storms.
A nomograph showing the relation between annual rainfall, the efficiency of the water-proof lining of a catchment, the area of catchment, and the runoff was prepared. The size of catchment needed to develop a given water supply can be estimated 'by using this nomograph if the annual rainfall and the efficiency of the water-proof covering of a catchment are known.
For areas where the rainfall distribution throughout the year is similar to that at Holualoa, the average runoff from the catchment can be made available if a storage tank having a capacity equal to one-third of the annual runoff volume is provided. However, for areas having longer dry spells than at Holualoa, the required storage will be larger.
The cost of water developed by this catchment area, excluding cost of distribution and storage, is about $1.30 per thousand gallons. The cost of water would be lower substantially if (1) a larger catchment was utilized to reduce the unit cost of the catchment area or (2) the asphaltic membrane was resprayed periodically so as to maintain the efficiency and extend the life of the catchment covering.
The use of aluminum sheeting, polyethylene, or vinyl or other plastic films, not discussed in this report, might also be considered for cover-
